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PNEUMATIC TIRE 

TECHNICAL FIELD 

[ 0001 ] The present technology relates to a pneumatic tire 
suitable as a heavy duty pneumatic tire and in particular 
relates to a pneumatic tire that improves traction character 
istics in snow while excellently maintaining running perfor 
mance and uneven wear resistance performance on unpaved 
roads . 

BACKGROUND ART 

[ 0002 ] Heavy duty pneumatic tires used in construction 
vehicles , such as dump trucks , are required to mainly have 
excellent driving performance ( traction performance ) on 
unpaved roads . Therefore , a block - based tread pattern 
including a large number of lug grooves extending in a tire 
width direction is employed ( see , for example , Japan Patent 
No. 4676959 ) . 
[ 0003 ] Meanwhile , performances requested to various 
tires have been recently increasing , and the tires as described 
above are requested to improve traction characteristics in 
snow , in addition to the driving performance on unpaved 
roads . Furthermore , in addition to the tread pattern having 
the block base , due to use conditions , a frequency of braking 
and driving is high and also a frequency of sharp curve 
driving is high in the tire as described above . Thus , since 
uneven wear tends to be likely to occur , excellently main 
taining or improving an uneven wear resistance is also 
requested . 

SUMMARY 

equator to the tread edge is denoted as W , a region between 
a position separated by 0.50 W in the tire width direction 
from the tire equator and the tire equator is referred to as an 
inner region , and a region between the position separated by 
0.50 W in the tire width direction from the tire equator and 
the tread edge is referred to as an outer region , the second 
groove portions are curved or bent such that an average 
angle of the second groove portions with respect to the tire 
circumferential direction in the inner region becomes 
smaller than an average angle of the second groove portions 
with respect to the tire circumferential direction in the outer 
region . Circumferential narrow grooves that connect the 
mutual second groove portions adjacent in the tire circum 
ferential direction on the one side or the other side of the tire 
equator are formed . A plurality of blocks are defined by the 
lug grooves and the circumferential narrow grooves . The 
blocks include center blocks and shoulder blocks . The center 
blocks are defined on the tire equator side with respect to the 
circumferential narrow grooves . The shoulder blocks are 
defined on the tread edge side with respect to the circum 
ferential narrow grooves . A shallow groove having at least 
one bend point is formed on a road contact surface of each 
of the blocks . 
[ 0006 ] In the embodiment according to the present tech 
nology , the shallow groove having the bent point is provided 
on the road contact surface of each block in the tire having 
a block - based tread pattern in which the plurality of blocks 
are defined by the lug grooves and the circumferential 
narrow grooves as described above to ensure traction per 
formance on unpaved roads ( hereinafter also referred to as 
off - road traction performance ) . This allows increasing an 
edge component and allows improving traction characteris 
tics in snow . In particular , because the shallow groove has 
the bent point , a groove component in the tire circumferen 
tial direction and a groove component in the tire width 
direction can be increased in a well - balanced manner , and 
the traction characteristics in snow in the tire circumferential 
direction and the width direction can be efficiently 
improved . 
[ 0007 ] In the embodiment of present technology , the fol 
lowing is preferable . 
[ 0008 ] The shallow grooves formed in the center blocks 
have one ends that communicate with the circumferential 
narrow grooves . The shallow grooves have other ends that 
communicate with the second groove portions . Projection 
components of the shallow grooves when the shallow 
grooves formed in the center blocks are projected to the tire 
equator mutually do not overlap . By thus providing the 
shallow grooves having an appropriate shape in the center 
blocks located near the tire equator where a contribution to 
traction performance is large , traction characteristics in 
snow can be effectively improved . In addition , because the 
shallow grooves are disposed so as not to overlap as 
described above , excessive decrease in block rigidity can be 
avoided across an entire circumference of the tire , the 
traction characteristics in snow and the off - road traction 
performance in the tire circumferential direction can be 
excellently balanced , and the good traction characteristics in 
snow and off - road traction performance can be provided in 
a compatible manner to a high degree . 
[ 0009 ] In the embodiment of present technology , the fol 
lowing is preferable . The shallow groove formed in the 
shoulder block has both ends that terminate in the block . The 
shallow groove is disposed on the stepping side with respect 

[ 0004 ] The present technology provides a pneumatic tire 
with improved traction characteristics in snow while running 
performance and uneven wear resistance performance on 
unpaved roads are excellently maintained . 
[ 0005 ] A pneumatic tire according to an embodiment of 
the present technology in which rotation direction is 
designated includes a tread portion , a pair of sidewall 
portions , and a pair of bead portions . The tread portion 
extends in a tire circumferential direction and forms an 
annular shape . The pair of sidewall portions are disposed on 
both sides of the tread portion . The pair of bead portions are 
disposed inward of the sidewall portions in a tire radial 
direction . The lug grooves that extend inward in a tire width 
direction from a tread edge on one side of a tire equator and 
intersect with the tire equator and the lug grooves that extend 
inward in the tire width direction from a tread edge on 
another side of the tire equator and intersect with the tire 
equator are arranged in alternation in a tire circumferential 
direction on an outer surface of the tread portion . The 
respective lug grooves include first groove portions and 
second groove portions . The first groove portion intersects 
with the tire equator and extends along the tire width 
direction . The second groove portion is inclined from one 
end of the first groove portion at an angle with respect to the 
tire circumferential direction smaller than an angle of the 
first groove portion with respect to the tire circumferential 
direction and extends to the tread edge . The first groove 
portion has another end communicating with the second 
groove portion of the lug groove adjacent in the tire cir 
cumferential direction . The first groove portion is located on 
a stepping side with respect to an end portion on the tread 
edge side of the lug groove . When a distance from the tire 
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to a position of an apex inward in the tire width direction of 
a road contact surface of the shoulder block . Thus , while the 
decrease in rigidity of the shoulder blocks is suppressed , the 
edge component can be increased on the stepping side and 
performan ance on snow can be effectively improved . On the 
other hand , since there are no shallow grooves on a kicking 
out side and block rigidity and an amount of rubber are 
ensured , uneven wear ( heel and toe wear ) can be effectively 
suppressed . 
[ 0010 ] In the embodiment of present technology , the fol 
lowing is preferable . The first groove portion has an angle 
from 80 ° to 100 ° with respect to the tire circumferential 
direction . The shallow groove formed in the center block 
includes a part that intersects with the tire equator and 
linearly extends at an angle from 80 ° to 90 ° with respect to 
the tire circumferential direction . This allows ensuring the 
groove component in the tire width direction on a tire central 
portion ( on the tire equator ) where the contribution to 
traction performance is large and effectively improving 
traction characteristics in snow . 
[ 0011 ] In the embodiment of present technology , the fol 
lowing is preferable . The average angle of the second groove 
portions with respect to the tire circumferential direction in 
the inner region is from 35 ° to 45 ° . The shallow groove 
formed in the center block includes a linear part . The linear 
part extends at an angle from 35 ° to 45 ° with respect to the 
tire circumferential direction and communicates with the 
circumferential narrow groove . This allows increasing the 
groove component in the tire circumferential direction and 
the groove component in the tire width direction in a 
well - balanced manner to the center block positioned near the 
tire equator where the contribution to traction performance 
is large and efficiently improving the traction characteristics 
in snow in the tire circumferential direction and the width 
direction . 
[ 0012 ] In the embodiment of present technology , the fol 
lowing is preferable . The shallow groove formed in the 
shoulder block extends along an outer edge on the stepping 
side of the shoulder block at a position separated by from 8 
mm to 12 mm from the outer edge on the stepping side of 
the shoulder block . By disposing the shallow grooves at the 
appropriate positions on the stepping side in this manner , the 
block rigidity can be ensured and an edge component on the 
stepping side can be increased in a well - balanced manner , 
and traction characteristics in snow can be improved , which 
are advantageous in suppressing uneven wear ( heel and toe 
wear ) . 
[ 0013 ] In the embodiment of present technology , the fol 
lowing is preferable . The shallow groove has a groove depth 
from 1 mm to 3 mm . This allows ensuring block rigidity and 
increasing the edge component in a well - balanced manner , 
which is advantageous in improving traction characteristics 
in snow . 
[ 0014 ] In the embodiment of present technology , the fol 
lowing is preferable . A groove depth of the first groove 
portion of the lug groove is from 65 % to 75 % of a groove 
depth of the second groove portion . By adequately shallow 
ing the first groove portion more than the second groove 
portion in this manner , the rigidity of the block adjacent to 
the first groove portion can be increased , which is advanta 
geous in improving traction performance . 
[ 0015 ] In the embodiment of present technology , the fol 
lowing is preferable . A groove depth of the circumferential 
narrow groove is from 75 % to 85 % of a groove depth of the 

second groove portion of the lug groove . By adequately 
shallowing the circumferential narrow groove more than the 
second groove portion of the lug groove in this manner , the 
rigidity of the block adjacent to the circumferential narrow 
groove can be increased , which is advantageous in improv 
ing traction performance . 
[ 0016 ] In the embodiment of present technology , the fol 
lowing is preferable . The lug groove , such as a second 
groove portion of the lug groove , has a groove depth of from 
15 mm to 25 mm . Additionally , the following is preferred . 
A tread rubber constituting the tread portion has JIS - A 
hardness from 61 to 70 and a modulus at 100 % elongation 
from 2.0 MPa to 3.0 MPa . The embodiment of the present 
technology allows exhibiting excellent performance espe 
cially in traction performance and uneven wear resistance 
performance in a heavy duty pneumatic tire having such 
characteristics . Note that in the embodiment of the present 
technology , the “ JIS hardness ” is hardness measured using 
a type A durometer at a temperature of 23 ° C. in accordance 
with the durometer hardness test regulated in JIS K 6253 . 
Additionally , the “ modulus at 100 % elongation ” is a value 
measured under respective conditions of a tensile speed of 
500 mm / minute and a temperature of 23 ° C. using a No. 3 
dumbbell test piece in accordance with JIS K6251 . 
[ 0017 ] In the embodiment of the present technology , the 
“ tread edges ” refer to both ends of a tread - patterned part of 
the tire when the tire is mounted on a regular rim , inflated 
to a regular internal pressure , and unloaded ( unloaded state ) . 
The " distance W from the tire equator to the tread edge in the 
tire width direction ” in the embodiment of the present 
technology is equivalent to 12 of a developed tread width 
( “ tread width ” specified by JATMA ) that is a linear distance 
between the tread edges measured along the tire width 
direction in the state described above . “ Regular rim ” is a rim 
defined by a standard for each tire according to a system of 
standards that includes standards on which tires are based , 
and refers to a “ standard rim " in the case of JATMA , refers 
to a “ design rim ” in the case of TRA , and refers to a 
“ measuring rim ” in the case of ETRTO . In the system of 
standards , including standards with which tires comply , 
“ regular internal pressure ” is air pressure defined by each of 
the standards for each tire and is referred to as " maximum 
air pressure ” in the case of JATMA , the maximum value 
being listed in the table “ TIRE ROAD LIMITS AT VARI 
OUS COLD INFLATION PRESSURES ” in the case of 
TRA , and is " INFLATION PRESSURE ” in the case of 
ETRTO . However , “ regular internal pressure ” is 180 kPa in 
a case where a tire is a tire for a passenger vehicle . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0018 ] FIG . 1 is a meridian cross - sectional view of a 
pneumatic tire according to an embodiment of the present 
technology . 

[ 0019 ] FIG . 2 is a front view illustrating a tread surface of 
the pneumatic tire according to the embodiment of the 
present technology 
[ 0020 ] FIG . 3 is an explanatory diagram illustrating an 
enlarged center block according to the embodiment of the 
present technology 
[ 0021 ] FIG . 4 is a front view illustrating an example of a 
tread surface of a conventional pneumatic tire . 
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DESCRIPTION OF EMBODIMENTS 

[ 0022 ] Configurations of embodiments of the present tech 
nology will be described in detail below with reference to 
the accompanying drawings . 
[ 0023 ] As illustrated in FIG . 1 , a pneumatic tire of an 
embodiment of the present technology includes a tread 
portion 1 , a pair of sidewall portions 2 disposed on both 
sides of the tread portion 1 , and a pair of bead portions 3 
disposed inward of the sidewall portions 2 in a tire radial 
direction . In FIG . 1 , reference sign “ CL ” denotes a tire 
equator , and reference sign “ E ” denotes a tread edge . In the 
illustrated example , the tread edges E match with edges 
outward in a tire width direction of blocks outermost in the 
tire width direction ( edge portions formed by road contact 
surfaces of the blocks outward in the tire width direction and 
side surfaces outward in the tire width direction ) . Although 
not illustrated in FIG . 1 as FIG . 1 is a meridian cross 
sectional view , the tread portion 1 , the sidewall portions 2 , 
and the bead portions 3 each extend in a tire circumferential 
direction to form an annular shape . Thus , a toroidal basic 
structure of the pneumatic tire is configured . Although the 
description using FIG . 1 is basically based on the illustrated 
meridian cross - sectional shape , all of the tire components 
each extend in the tire circumferential direction and form the 
annular shape . 
[ 0024 ] A carcass layer 4 is mounted between the left - right 
pair of bead portions 3. The carcass layer 4 includes a 
plurality of reinforcing cords extending in the tire radial 
direction , and is folded back around a bead core 5 disposed 
in each of the bead portions 3 from a vehicle inner side to 
a vehicle outer side . Additionally , bead fillers 6 are disposed 
on the periphery of the bead cores 5 , and each bead filler 6 
is enveloped by a main body portion and a folded back 
portion of the carcass layer 4. On the other hand , in the tread 
portion 1 , a plurality of belt layers 7 ( four layers in FIG . 1 ) 
are embedded on an outer circumferential side of the carcass 
layer 4. The belt layers 7 each include a plurality of 
reinforcing cords that are inclined with respect to the tire 
circumferential direction , with the reinforcing cords of the 
different layers arranged in a criss - cross manner . In these 
belt layers 7 , an inclination angle of the reinforcing cords 
with respect to the tire circumferential direction is set in a 
range , for example , from 10 ° to 60 ° . Although not employed 
in the pneumatic tire of FIG . 1 , in the embodiment of present 
technology , a belt reinforcing layer ( not illustrated ) can be 
additionally provided on the outer circumferential side of the 
belt layers 7. When the belt reinforcing layer is provided , the 
belt reinforcing layer includes , for example , an organic fiber 
cord oriented in the tire circumferential direction . An angle 
of the organic fiber cord with respect to the tire circumfer 
ential direction can be set to , for example , from 0 ° to 5º . 
[ 0025 ] A tread rubber layer 11 is disposed on an outer 
circumferential side of the carcass layer 4 and the belt layers 
7 in the tread portion 1. A side rubber layer 12 is disposed 
on an outer circumferential side of the carcass layer 4 
( outward in the tire width direction ) in the sidewall portions 
2. A rim cushion rubber layer 13 is disposed on the outer 
circumferential side of the carcass layer 4 ( outward in the 
tire width direction ) in the bead portions 3. The tread rubber 
layer 11 may have a structure in which two types of rubber 
layers ( a cap tread rubber layer and an undertread rubber 
layer ) with differing physical properties are layered in the 
tire radial direction . 

[ 0026 ] The embodiment of the present technology may be 
applied to such a general pneumatic tire ; however , the 
cross - sectional structure thereof is not limited to the basic 
structure described above . Note that the embodiment 
according to the present technology mainly intends to be 
used as a heavy duty pneumatic tire . In this case , as the tread 
rubber layer 11 , a rubber composition having JIS ( Japanese 
Industrial Standard ) -A hardness of preferably from 61 to 70 
and more preferably from 61 to 65 , and a modulus at 100 % 
elongation of preferably from 2.0 MPa to 3.0 MPa , and more 
preferably from 2.0 MPa to 2.8 MPa is used . 
[ 0027 ] As illustrated in FIG . 2 , lug grooves 20 ( may be 
referred to as “ lug grooves 20 on one side ” in the following 
description ) and lug groove 30 ( may be referred to as “ lug 
grooves 30 on the other side ” in the following description ) 
are provided on a surface of the tread portion 1 of the 
pneumatic tire according to the embodiment of the present 
technology . The lug groove 20 extends from the tread edge 
E on one side ( the right side in the drawing ) of the tire 
equator CL inward in the tire width direction and intersects 
with the tire equator CL . The lug groove 30 extends from the 
tread edge E on the other side ( the left side in the drawing ) 
of the tire equator CL inward in the tire width direction and 
intersects with the tire equator CL . The plurality of lug 
grooves 20 on the one side and the plurality of lug grooves 
30 on the other side are provided . 
[ 0028 ] The lug grooves 20 , 30 include first groove por 
tions 21 , 31 that intersect with the tire equator CL and extend 
along the tire width direction , and second groove portions 
22 , 32 that are inclined from one ends of the first groove 
portions 21 , 31 at an angle smaller than that of the first 
groove portions 21 , 31 with respect to the tire circumferen 
tial direction and extend up to the tread edges E , respec 
tively . Specifically , the lug groove 20 on the one side 
includes the first groove portion 21 and the second groove 
portion 22. The first groove portion 21 intersects with the tire 
equator CL and extends along the tire width direction . The 
second groove portion 22 is inclined from the one end of the 
first groove portion 21 ( the end portion on the one side ( the 
right side in the drawing ) of the tire equator ) at the angle 
smaller than that of the first groove portion 21 with respect 
to the tire circumferential direction and extends up to the 
tread edge E. Similarly , the lug groove 30 on the other side 
includes the first groove portion 31 and the second groove 
portion 32. The first groove portion 31 intersects with the tire 
equator CL and extends along the tire width direction . The 
second groove portion 32 is inclined from the one end of the 
first groove portion 31 ( the end portion on the other side ( the 
left side in the drawing ) of the tire equator ) at the angle 
smaller than that of the first groove portion 31 with respect 
to the tire circumferential direction and extends up to the 
tread edge E. 
[ 0029 ] The lug grooves 20 on the one side and the lug 
grooves 30 on the other side are arranged in the tire 
circumferential direction in alternation one by one . Note 
that , as described above , since the lug grooves 20 , 30 
basically extend in the mutually opposite directions from the 
tire equator CL , the first groove portions 21 of the lug 
grooves 20 on the one side and the first groove portions 31 
of the lug grooves 30 on the other side are disposed in 
alternation in the tire circumferential direction on the tire 
equator CL . Meanwhile , the second groove portions 22 of 
the lug grooves 20 on the one side are arranged with 
intervals in the tire circumferential direction on the one side 
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of the tire equator CL , and the second groove portions 32 of 
the lug grooves 30 on the other side are arranged with 
intervals in the tire circumferential direction on the other 
side of the tire equator CL . In the embodiment of the present 
technology , as long as the first groove portions 21 , 31 are 
mutually arranged in alternation to be adjacent on the tire 
equator CL , the lug grooves 20 , 30 are regarded as being 
arranged in alternation unless otherwise specified . 
[ 0030 ] The other ends of the first groove portions 21 , 31 
of the respective lug grooves 20 , 30 communicate with the 
second groove portions 32 , 22 of the other lug grooves 30 , 
20 adjacent in the tire circumferential direction . In other 
words , the first groove portion 21 of the lug groove 20 on the 
one side communicates with the second groove portion 32 of 
the lug groove 30 on the other side adjacent in the tire 
circumferential direction , and the first groove portion 31 of 
the lug groove 30 on the other side communicates with the 
second groove portion 22 of the lug groove 20 on the one 
side adjacent in the tire circumferential direction . 
[ 0031 ] The first groove portions 21 , 31 of the respective 
lug grooves 20 , 30 are located on a stepping side with 
respect to the end portions on the tread edge E side of the 
respective lug grooves 20 , 30. That is , the pneumatic tire of 
the embodiment of the present technology is a tire in which 
a rotation direction R is designated . Meanwhile , the respec 
tive lug grooves 20 , 30 have a shape inclined in a direction 
opposite to the rotation direction R from the tire equator CL 
side outward in the tire width direction as the entire groove . 
[ 0032 ] When a distance from the tire equator CL to the 
tread edge E in the tire width direction is denoted as W , a 
region between a position separated by 0.50 W in the tire 
width direction from the tire equator CL and the tire equator 
CL is referred to as an inner region A , and a region between 
a position separated by 0.50 W in the tire width direction 
from the tire equator CL and the tread edge E is referred to 
as an outer region B , in the respective lug grooves 20 , 30 , the 
second groove portions 22 , 32 are curved or bent such that 
an average angle Oa of the second groove portions 22 , 32 
with respect to the tire circumferential direction in the inner 
region A becomes smaller than an average angle Ob of the 
second groove portions 22 , 32 with respect to the tire 
circumferential direction in the outer region B. In other 
words , the second groove portions 22 , 32 of the lug grooves 
20 , 30 curve smoothly so that the inclination angles with 
respect to the tire circumferential direction gradually 
decrease from the tread edge E side toward the tire equator 
CL side , or are bent having at least one bend point . 
[ 0033 ] Note that the average angle of the second groove 
portions 22 , 32 of the lug grooves 20 , 30 can be obtained as 
an angle formed by a straight line connecting the center 
points in groove width directions of the lug grooves 20 , 30 
at boundary positions of the respective regions and the tire 
circumferential direction . Note that , as illustrated , on the tire 
equator CL and the tread edge E , the center point of an 
extension line of the second groove portion 22 , 32 drawn to 
the tire equator CL or the tread edge E on the tire equator CL 
or the tread edge E is used . 
[ 0034 ] In the embodiment of the present technology , in 
addition to the lug grooves 20 , 30 , circumferential narrow 
grooves 40 are provided . The circumferential narrow groove 
40 extends along the tire circumferential direction so as to 
connect the second groove portions adjacent in the tire 
circumferential direction on the one side of the tire equator 
CL , that is , the second groove portions 22 of the lug grooves 

20 on the one side adjacent in the tire circumferential 
direction on the one side of the tire equator CL , or the second 
groove portions 32 of the lug grooves 30 on the other side 
adjacent in the tire circumferential direction on the other 
side of the tire equator CL . 
[ 0035 ] The circumferential narrow groove 40 is a groove 
having a groove width smaller than those of the lug grooves 
20 , 30. Specifically , the lug grooves 20 , 30 have the groove 
widths of , for example , from 5 mm to 30 mm , and a groove 
depth of , for example , from 8 mm to 25 mm . In particular , 
when the tire is the heavy duty pneumatic tire , the groove 
depth is preferably , for example , from 15 mm to 25 mm . In 
contrast to this , the circumferential narrow groove 40 has a 
groove width of , for example , from 7 mm to 11 mm , and a 
groove depth of , for example , from 15 mm to 20 mm . 
[ 0036 ] The lug grooves 20 , 30 and the circumferential 
narrow grooves 40 partition a plurality of blocks 50. Among 
the plurality of blocks 50 , a block positioned on the tire 
equator CL side with respect to the circumferential narrow 
groove 40 is referred to as a center block 51 and a block 
positioned on the tread edge E side with respect to the 
circumferential narrow groove 40 is referred to as a shoulder 
block 52. At least a part of the center blocks 51 are present 
on the tire equator CL by the above - described groove shape . 
[ 0037 ] A shallow groove 60 having at least one bend point 
is formed on the road contact surface of each block 50. The 
shallow groove 60 is a groove having a groove depth smaller 
than those of the lug grooves 20 , 30 and the circumferential 
narrow groove 40 , and the groove depth can be set to be 
preferably from 1 mm to 3 mm , and the groove width can be 
set to , for example , from 1 mm to 3 mm . When the groove 
depth of the shallow groove 60 is less than 1 mm , the 
shallow groove 60 is too shallow , and thus an effect brought 
by providing the shallow groove 60 cannot be obtained . The 
groove depth of the shallow groove 60 in excess of 3 mm 
increases an influence to block rigidity . In the following 
description , the shallow groove 60 formed in the center 
block 51 is referred to as a center shallow groove 61 , and the 
shallow groove 60 formed in the shoulder blocks 52 is 
referred to as a shoulder shallow groove 62. In the illustrated 
example , the center shallow groove 61 and the shoulder 
shallow groove 62 both have one bent point . While the 
number of shallow grooves 60 formed in each block 50 is 
not particularly limited , one shallow groove 60 is preferably 
provided in each block 50 as illustrated in the drawing . 
[ 0038 ] In the embodiment according to the present tech 
nology , the shallow groove 60 having the bent point is 
provided on the road contact surface of each block 50 in the 
tire having a block - based tread pattern in which the plurality 
of blocks 50 are defined by the lug grooves 20 , 30 and the 
circumferential narrow grooves 40 as described above to 
ensure off - road traction performance . This allows increasing 
an edge component and allows improving traction charac 
teristics in snow . In particular , because the shallow groove 
60 has the bent point , a groove component in the tire 
circumferential direction and a groove component in the tire 
width direction can be increased in a well - balanced manner , 
and the traction characteristics in snow in the tire circum 
ferential direction and the width direction can be efficiently 
improved . 
[ 0039 ] As illustrated , the center shallow groove 61 pref 
erably has one end communicating with the circumferential 
narrow groove 40 and the other end communicating with the 
second groove portion 22 , 32 of the lug groove 20 , 30 . 
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Additionally , the center shallow groove 61 preferably bends 
along an outer edge on the stepping side or a kicking - out 
side of the center block 51. At this time , the center shallow 
groove 61 is preferably disposed within a range of +5 mm 
in the tire circumferential direction from the center position 
in the tire circumferential direction of the center block 51 . 
Furthermore , it is preferred that projection components of 
the center shallow grooves 61 when the center shallow 
grooves 61 are projected to the tire equator CL do not 
overlap with one another . By thus providing the center 
shallow grooves 61 having the appropriate shape in the 
center blocks 51 located near the tire equator CL where a 
contribution to traction performance is large , traction char 
acteristics in snow can be effectively improved . In addition , 
because the center shallow grooves 61 do not overlap as 
described above , excessive decrease in block rigidity can be 
avoided across the entire circumference of the tire , the 
traction characteristics in snow and the off - road traction 
performance in the tire circumferential direction can be 
excellently balanced , and the good traction characteristics in 
snow and off - road traction performance can be provided in 
a compatible manner to a high degree . 
[ 0040 ] On the other hand , as illustrated , both ends of the 
shoulder shallow groove 62 preferably terminate in the 
shoulder block 52. Additionally , the shoulder shallow 
groove 62 preferably bends so as to run along an outer edge 
on the stepping side of the shoulder block 52. Additionally , 
the shoulder shallow groove 62 is preferably disposed on the 
stepping side with respect to a position of an apex inward in 
the tire width direction of the road contact surface of the 
shoulder block 52. In particular , the shoulder shallow 
grooves 62 are preferably disposed at a position separated by 
from 8 mm to 12 mm from the outer edge on the stepping 
side of the shoulder block 52. By providing the shoulder 
shallow grooves 62 in this manner , while the decrease in 
rigidity of the shoulder blocks 52 is suppressed , the edge 
component can be increased on the stepping side and 
performance on snow can be effectively improved . On the 
other hand , since there are no shallow grooves on the 
kicking - out side and block rigidity and an amount of rubber 
are ensured , uneven wear ( heel and toe wear ) can be effectively suppressed . When a separation distance between 
the outer edge on the stepping side of the shoulder block 52 
and the shoulder shallow groove 62 is less than 8 mm , 
shoulder shallow groove 62 approaches the block outer edge 
too much , thereby reducing the durability of the block . 
When the separation distance between the outer edge on the 
stepping side of the shoulder block 52 and the shoulder 
shallow groove 62 is exceeds 12 mm , the shoulder shallow 
groove 62 is too far from the block outer edge , so an effect 
brought by disposing the shoulder shallow groove 62 on the 
stepping side is not sufficiently expected . 
[ 0041 ] In the embodiment of the present technology , while 
the lug grooves 20 , 30 and the circumferential narrow 
grooves 40 can be appropriately set according to the per 
formance to be emphasized in this tire , the following struc 
ture is preferable to improve traction performance . 
[ 0042 ] The first groove portions 21 , 31 of the lug grooves 
20 , 30 are provided to ensure mainly the groove component 
in the tire width direction near the tire equator CL where the 
contribution to traction performance is large . Accordingly , 
the first groove portions 21 , 31 preferably extend in a 
direction substantially perpendicular to the tire circumfer 
ential direction . Specifically , an angle Oc of the first groove 

portions 21 , 31 with respect to the tire circumferential 
direction is preferably from 80 ° to 100 ° . This allows effi 
ciently improving traction performance by the first groove 
portions 21 , 31. When the angle Oc of the first groove 
portions 21 , 31 is less than 80 ° or greater than 100 ° , the 
inclination of the first groove portions 21 , 31 with respect to 
the tire width direction increases and the groove component 
in the tire width direction cannot be sufficiently ensured , and 
thus the effect of improving traction performance is limited . 
[ 0043 ] In the second groove portions 22 , 32 of the lug 
grooves 20 , 30 , to gradually decrease the angle with respect 
to the tire circumferential direction to the tire equator as 
described above , the average angle Oa of the second groove 
portions 22 , 32 with respect to the tire circumferential 
direction in the inner region A is preferably set to be from 
35 ° to 45 ° , and the average angle ob of the second groove 
portions 22 , 32 with respect to the tire circumferential 
direction in the outer region B is preferably set to be from 
70 ° to 85º . This provides the good angles at the respective 
portions of the second groove portions 22 , 32 and good 
curves or bent shapes of the second groove portions 22 , 32 . 
Accordingly , lug groove lengths are increased , which is 
advantageous in improving traction performance . The aver 
age angle da of the second groove portions 22 , 32 of less 
than 35º decreases the groove component in the tire width 
direction , and this makes it difficult to sufficiently improve 
traction performance . When the average angle da of the 
second groove portions 22 , 32 exceeds 45 ° , a difference with 
the average angle Ob becomes small , the second groove 
portions 22 , 32 cannot be sufficiently bent or curved , and the 
lug groove lengths do not sufficiently increase , making it 
difficult to sufficiently improve traction performance . When 
the average angle ob of the second groove portions 22 , 32 is 
less than 70 ° , the difference with the average angle da 
becomes small , the second groove portions 22 , 32 cannot be 
sufficiently bent or curved , and the lug groove lengths do not 
sufficiently increase , making it difficult to sufficiently 
improve traction performance . When the average angle Ob 
of the second groove portions 22 , 32 exceeds 85 ° , the 
difference with the average angle oa becomes large , and the 
second groove portions 22 , 32 are curved or bent greatly , 
making it difficult to ensure the good groove shapes . 
[ 0044 ] The circumferential narrow grooves 40 are prefer 
ably disposed at extended positions of the other ends of the 
first groove portions 21 , 31 of the lug grooves 20 , 30. With 
such a configuration , for example , when the groove is 
tracked from the tread edge E on the one side , the groove 
goes through the first groove portion 21 from the second 
groove portion 22 of the lug groove 20 on the one side , 
crosses the lug groove 30 ( second groove portion 
other side , and then reaches the circumferential narrow 
groove 40 on the other side of the tire equator CL . These 
grooves are disposed in a well - balanced manner as a series 
of grooves , which is advantageous in improving traction 
performance . Note that when the groove is tracked from the 
tread edge E on the other side , the groove goes through the 
first groove portion 31 from the second groove portion 32 of 
the lug groove 30 on the other side , crosses the lug groove 
20 ( the second groove portion 22 ) on the one side , and then 
reaches the circumferential narrow groove 40 on the one 
side of the tire equator CL . 
[ 0045 ] While the circumferential narrow groove 40 is a 
groove intended to add the groove component in the tire 
circumferential direction , the circumferential narrow groove 

the 

on the 



US 2021/0155052 A1 May 27 , 2021 
6 

40 is preferably inclined appropriately with respect to the 
tire circumferential direction to provide the groove compo 
nent in the tire width direction , in addition to the groove 
component in the tire circumferential direction . Therefore , 
the circumferential narrow grooves 40 preferably extend 
substantially perpendicular to the lug grooves 20 , 30. Spe 
cifically , the difference between the average angle da of the 
second groove portions 22 , 32 with respect to the tire 
circumferential direction in the inner region A and an 
inclination angle a of the circumferential narrow groove 40 
with respect to the tire circumferential direction is preferably 
within a range 90 ° + 10 ° . This provides the good shape to the 
circumferential narrow groove 40 and a good balance 
between the groove component in the tire circumferential 
direction and the groove component in the tire width direc 
tion , which are advantageous in improving traction perfor 
mance . When the difference between the average angle Oa 
and the angle a is outside the range of 90 ° -10 ° , the groove 
component in the tire circumferential direction or the tire 
width direction increases and the balance between the 
respective groove components becomes poor , and thus the 
effect of improving traction performance is limited . 
[ 0046 ] In contrast , the center shallow groove 61 preferably 
includes a part that intersects with the tire equator CL and 
linearly extends at an angle of from 80 ° to 90 ° with respect 
to the tire circumferential direction and a linear part that 
extends at an angle from 35 ° to 45 ° with respect to the tire 
circumferential direction and communicates with the cir 
cumferential narrow groove 40. For example , in the illus 
trated example , the center shallow groove 61 includes a first 
part 6la and a second part 61b . The first part 61a linearly 
extends from the bend point to the second groove portion 22 , 
32. The second part 61b linearly extends from the bend point 
to the circumferential narrow groove 40. At this time , an 
angle 01 of the first part 6la with respect to the tire 
circumferential direction is preferably from 80 ° to 90 ° , and 
an angle 02 of the second part 61b with respect to the tire 
circumferential direction is preferably from 35 ° to 40 ° . 
Accordingly , the first part 61a allows ensuring the groove 
component in the tire width direction at the tire central 
portion ( on the tire equator ) where the contribution to 
traction performance is large and effectively improving 
traction characteristics in snow . The second part 61b allows 
increasing the groove component in the tire circumferential 
direction and the groove component in the tire width direc 
tion in a well - balanced manner and efficiently improving the 
traction characteristics in snow in the tire circumferential 
direction and the width direction . 
[ 0047 ] At this time , when the angle 01 of the first part 61a 
of the center shallow groove 61 is less than 80 ° or exceeds 
90 ° , the inclination of the first part 61a with respect to the 
tire width direction increases , the groove component in the 
tire width direction cannot be sufficiently ensured , and the 
effect of improving traction performance is limited . When 
the angle 02 of the second part 61b of the center shallow 
groove 61 is less than 35 ° or exceeds 45 ° , the groove 
component in the tire width direction or the tire circumfer 
ential direction decreases , and the balance between these 
groove components is reduced . To set the angles 01 , 02 of 
the respective parts of the center shallow groove 61 , the 
angle 01 of the first part 6la is preferably the approximately 
same as the angle Oc of the first groove portions 21 , 31 of the 
lug grooves 20 , 30 , and the angle 02 of the second part 616 
is preferably the approximately same as the average angle da 

of the second groove portions 22 , 32 of the lug grooves 20 , 
30. Specifically , a difference | 01-0cl between the angle 01 of 
the first part 6la of the center shallow groove 61 and the 
angle Oc of the first groove portions 21 , 31 of the lug grooves 
20 , 30 is preferably within 10 ° , and a difference 02-0al 
between the angle 82 of the second part 61b of the center 
shallow groove 61 and the average angle Oa of the second 
groove portions 22 , 32 of the lug grooves 20 , 30 is prefer 
ably within 10 ° . 
[ 0048 ] While the lug grooves 20 , 30 may have the uniform 
groove depth entirely , the first groove portions 21 , 31 are 
preferably configured to be appropriately shallower than the 
second groove portions 22 , 32. Specifically , the groove 
depth of the first groove portions 21 , 31 of the lug grooves 
20 , 30 is preferably from 65 % to 75 % of the groove depth 
of the second groove portions 22 , 32. This allows increasing 
the rigidity of the block ( center block 51 ) adjacent to the first 
groove portions 21 , 31 , which is advantageous in improving 
traction performance . When the groove depth of the first 
groove portions 21 , 31 is less than 65 % of the groove depth 
of the second groove portions 22 , 32 , the first groove 
portions 21 , 31 become too shallow , making it difficult to 
sufficiently exhibit an edge effect as a groove . The groove 
depth of the first groove portions 21 , 31 in excess of 75 % of 
the groove depth of the second groove portions 22 , 32 
substantially eliminates the difference in groove depth 
between the first groove portions 21 , 31 and the second 
groove portions 22 , 32 , and the effect brought by changing 
the groove depth is not sufficiently expected . 
[ 0049 ] While the respective groove depths of the lug 
grooves 20 , 30 and the circumferential narrow groove 40 can 
be set to be the above - described ranges , the circumferential 
narrow groove 40 is preferably configured to be adequately 
shallower than the lug grooves 20 , 30. Specifically , the 
groove depth of the circumferential narrow groove 40 is set 
to be preferably from 75 % to 85 % of the groove depth of the 
second groove portions 22 , 32 of the lug grooves 20 , 30. By 
adequately shallowing the circumferential narrow groove 40 
more than the second groove portions 22 , 32 in this manner , 
the rigidity of the blocks adjacent to the circumferential 
narrow grooves 40 ( the center block 51 and the shoulder 
block 52 ) can be increased , which is advantageous in 
improving traction performance . When the groove depth of 
the circumferential narrow groove 40 is less than 75 % of the 
groove depth of the second groove portions 22 , 32 , the 
circumferential narrow groove 40 becomes too shallow , 
making it difficult to sufficiently exhibit the edge effect as a 
groove . The groove depth of the circumferential narrow 
groove 40 in excess of 85 % of the groove depth of the 
second groove portions 22 , 32 substantially eliminates the 
difference in groove depth between the circumferential 
narrow groove 40 and the second groove portions 22 , 32 , 
and the effect brought by changing the groove depth is not 
sufficiently expected . 

Example 
[ 0050 ] 22 types of pneumatic tires of Conventional 
Example 1 and Examples 1 to 21 having a tire size of 
315 / 80R22.5 and the basic structure illustrated in FIG . 1 as 
an example and in which the based tread pattern , the average 
angle Da of the second groove portion of the lug groove with 
respect to the tire circumferential direction in the inner 
region A , the average angle ob of the second groove portion 
of the lug groove with respect to the tire circumferential 
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[ 0052 ] These pneumatic test tires were evaluated for trac 
tion characteristics in snow , uneven wear resistance perfor 
mance , and off - road traction performance by the following 
evaluation method . Tables 1 and 2 show the results . 

Traction Characteristics in Snow 

[ 0053 ] The respective test tires were mounted on wheels 
having a rim size of 22.5x9.00 , adjusted to have an air 
pressure of 850 kPa , and mounted on a drive shaft of a test 
vehicle ( truck with an axle arrangement of 6x4 ) . The test 
tires were each subjected to sensory evaluation by a test 
driver on a test course of a snow road . Evaluation results are 
expressed as index values with Conventional Example 1 
being assigned the index value of 100. Larger index values 
indicate excellent snow traction characteristics . 

Uneven Wear Resistance Performance 

direction in the outer region B , the angle Oc of the first 
groove portion of the lug groove with respect to the tire 
circumferential direction , the magnitude relationship 
between the average angles Ba and Ob , the presence of the 
shallow groove , the groove depth of the shallow groove , the 
shape of the shallow groove , the shape of the center shallow 
groove , the presence of overlap of the projection compo 
nents when the center shallow grooves are projected to the 
tire equator ( overlap of the center shallow grooves ) , the 
angle 01 of the first part of the center shallow groove , the 
angle 82 of the second part of the center shallow groove , the 
shape of the shoulder shallow groove , the separation dis 
tance of the shoulder shallow groove from the outer edge on 
the stepping side of the shoulder block , the groove depth of 
the second groove portion of the lug groove , a ratio of the 
groove depth of the first groove portion of the lug groove to 
the groove depth of the second groove portion of the lug 
groove % ) , a ratio of the groove depth of the circumferen 
tial narrow groove to the groove depth of the second groove 
portion of the lug groove ( % ) , the hardness of the rubber 
composition ( tread rubber ) constituting the tread portion , 
and the modulus at 100 % elongation of the rubber compo 
sition ( tread rubber ) constituting the tread portion were each 
set as shown in Tables 1 and 2 were manufactured . 
[ 0051 ] The corresponding drawings numbers 
described in the " tread pattern ” columns in Tables 1 and 2 . 
Note that although the pattern of Conventional Example 1 
( FIG . 4 ) differs greatly from the pattern of FIG . 2 , for 
example , angles of respective portions were made to corre 
spond to FIG . 2 as described in the drawing to obtain values 
of the respective items . The “ Shape of center shallow 
groove ” columns of Tables 1 and 2 indicate whether the 
center shallow groove communicates with the lug groove 
and the circumferential narrow groove . “ Communicating ” 
means communication and “ Terminating ” means no com 
munication . The “ Shape of shoulder shallow groove ” col 
umns of Tables 1 and 2 indicate whether the shoulder 
shallow groove terminates in the shoulder block . “ Termi 
nating ” means the termination in the block and “ Commu 
nicating ” means that the shoulder shallow groove does not 
terminate in the block but communicates with , for example , 
the circumferential narrow groove . 

are 

[ 0054 ] The respective test tires were assembled on wheels 
having a rim size of 22.5x9.00 , adjusted to have an air 
pressure of 850 kPa , and mounted on a drive shaft of a test 
vehicle ( truck with an axle arrangement of 6x4 ) . An amount 
of wear ( heel and toe wear ) of a block after performing 
pattern running of 40000 km was measured . The evaluation 
results are expressed as indices using the reciprocal of the 
measurement values , with the Conventional Example 1 
being assigned the index of 100. Larger index values mean 
the small amount of wear and excellent uneven wear resis 
tance performance . 

Off - Road Traction Performance 

[ 0055 ] The respective test tires were mounted on wheels 
having a rim size of 22.5x9.00 , adjusted to have an air 
pressure of 850 kPa , and mounted on a drive shaft of a test 
vehicle ( truck with an axle arrangement of 6x4 ) . The test 
tires were each subjected to sensory evaluation by a test 
driver on a test course of an unpaved road . Evaluation results 
are expressed as index values with Conventional Example 1 
being assigned the index value of 100. Larger index values 
indicate excellent off - road traction performance . 

TABLE 1-1 

Conventional Example 1 Example 1 Example 2 Example 3 

FIG . 4 
51 
68 

138 
Oa < Ob 

FIG . 2 
80 
85 
75 

da < Ob 

FIG . 2 
80 
85 
75 

Oa < Ob 

FIG . 2 
80 
85 
75 

da < Ob 

No Yes Yes Yes 

Tread pattern 
Oa 
Ob 
Oc 
Magnitude 
relationship 
between Oa 
and Ob 
Presence of 
shallow groove 
Groove depth 
of shallow 
groove 
Shape of 
center shallow 
groove 
Overlap of 
center shallow 
grooves 
01 
02 

mm 2 2 2 

- Communicating Terminating Communicating 

— Yes No No 

75 
50 

75 
50 

75 
50 
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TABLE 1-1 - continued 

Conventional Example 1 Example 1 Example 2 Example 3 

Terminating Terminating Communicating 

mm 7 7 7 

mm 22 22 22 22 

% 40 40 40 40 

% 70 70 70 70 

Shape of 
shoulder 
shallow groove 
Separation 
distance of 
shoulder 
shallow groove 
Groove depth 
of second 
groove portion 
Groove depth 
of first groove 
portion 
Groove depth 
of 
circumferential 
narrow groove 
Tread rubber 
hardness 
Modulus of 
tread rubber 
Traction 
characteristics 
in snow 
Uneven wear 
resistance 
performance 
Off - road 
traction 
performance 

63 60 60 60 

MPa 2.4 1.9 1.9 1.9 

100 107 103 104 Index 
value 

100 105 105 105 Index 
value 

100 100 100 100 Index 
value 

TABLE 1-2 

Example 4 Example 5 Example 6 Example 7 

FIG . 2 
80 

FIG . 2 
80 
85 
80 

da < Ob 

FIG . 2 
80 
85 
100 

Oa < Ob 

FIG . 2 
80 
85 
90 

Oa < Ob 

85 
90 

Oa < Ob 

Yes Yes Yes Yes 

mm 2 2 2 2 

Communicating Communicating Communicating Communicating 
No No No No 

Tread pattern 
Oa 
Ob 
Oc 
Magnitude 
relationship 
between Oa and 
Ob 
Presence of 
shallow groove 
Groove depth 
of shallow 
groove 
Shape of center shallow groove 
Overlap of center shallow 
grooves 
01 
02 
Shape of 
shoulder 
shallow groove 
Separation 
distance of 
shoulder 
shallow groove 
Groove depth 
of second 
groove portion 
Groove depth 
of first groove 
portion 
Groove depth 
of 
circumferential 
narrow groove 

80 
50 

Terminating 

80 
50 

Terminating 

80 
50 

Terminating 

90 
50 

Terminating 

mm 7 7 7 7 

mm 22 22 22 22 

% 40 40 40 40 

% 70 70 70 70 
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TABLE 1-2 - continued 

Example 4 Example 5 Example 6 Example 7 
60 60 60 60 

MP? . 1.9 1.9 1.9 1.9 

104 106 106 107 Index 
value 

Tread rubber 
hardness 
Modulus of 
tread rubber 
Traction 
characteristics 
in snow 
Uneven wear 
resistance 
performance 
Off - road 
traction 
performance 

104 104 103 102 Index 
value 

106 106 104 104 Index 
value 

TABLE 1-3 

Example 8 Example 9 Example 10 
FIG . 2 
80 
85 

FIG . 2 
45 
80 
90 

Oa < Ob 

FIG . 2 
50 
80 
90 

?? < ?b 
o 90 

Oa < Ob 

Tread pattern 
Oa 
Ob 
Oc 
Magnitude 
relationship between 
? a and ? b 
Presence of shallow 
groove 
Groove depth of 

Yes Yes Yes 

mm 2 2 2 
shallow groove 
Shape of center Communicating Communicating Communicating 
shallow groove 
Overlap of center No No No 
shallow grooves 

o 01 
02 
Shape of shoulder shallow groove 
Separation distance of shoulder shallow 
groove 
Groove depth of 

90 
45 

Terminating 
7 

90 
30 

Terminating 
7 

90 
35 

Terminating 
7 mm 

second groove mm 22 22 22 

% 40 40 40 

% 70 70 70 

portion 
Groove depth of first 
groove portion 
Groove depth of 
circumferential 
narrow groove 
Tread rubber 
hardness 
Modulus of tread 
rubber 
Traction characteristics in snow 
Uneven wear resistance performance 
Off - road traction performance 

60 60 60 

MPa 1.9 1.9 1.9 

Index value 
Index value 
Index value 

109 
106 
104 

108 
108 
108 

110 
108 
110 

TABLE 2-1 

Example 11 
FIG . 2 

Example 12 
FIG . 2 

Example 13 
FIG . 2 

Example 14 
FIG . 2 Tread pattern 

35 40 
o 80 80 

40 
80 
90 

Oa < Ob 

40 
80 
90 

Oa < Ob 
90 

Da < Ob 
90 

Oa < Ob 

Oa 
Ob 
Oc 
Magnitude 
relationship 
between Oa and 
Ob 
Presence of 
shallow groove 
Groove depth 
of shallow 
groove 

Yes Yes Yes Yes 

mm 2 2 2 1 
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TABLE 2-1 - continued 

Example 11 
FIG . 2 

Example 12 
FIG . 2 

Example 13 
FIG . 2 

Example 14 
FIG . 2 Tread pattern 

Communicating Communicating Communicating Communicating 

No No No No 

90 
40 

Terminating 

90 
40 

Terminating 

90 
40 

Terminating 

90 
40 

Terminating 

mm 7 8 12 10 

mm 22 22 22 22 

% 40 40 40 40 

Shape of center 
shallow groove 
Overlap of 
center shallow 
grooves 
? 1 
02 
Shape of 
shoulder 
shallow groove 
Separation 
distance 
between 
shoulder 
shallow groove 
Groove depth 
of second 
groove portion 
Groove depth 
of first groove 
portion 
Groove depth 
of 
circumferential 
narrow groove 
Tread rubber 
hardness 
Modulus of 
tread rubber 
Traction 
characteristics 
in snow 
Uneven wear 
resistance 
performance 
Off - road 
traction 
performance 

% 70 70 70 70 

60 60 60 60 

MPa 1.9 1.9 1.9 1.9 

110 111 113 110 Index 
value 

109 110 111 112 Index 
value 

107 112 112 114 Index 
value 

TABLE 2-2 

Example 15 Example 16 Example 17 Example 18 
FIG . 2 FIG . 2 

40 40 
FIG . 2 
40 
80 
90 

da < Ob 

FIG . 2 
40 
80 
90 

Oa < Ob 

80 
90 

Oa < Ob 

80 
90 

Oa < Ob 

Yes Yes Yes Yes 

mm 4 3 3 3 

Tread pattern 
Oa 
Ob 
Oc 
Magnitude 
relationship 
between Oa and 
Ob 
Presence of 
shallow groove 
Groove depth 
of shallow 
groove 
Shape of center 
shallow groove 
Overlap of 
center shallow 
grooves 
01 
02 
Shape of 
shoulder 
shallow groove 
Separation 
distance 
between 
shoulder 
shallow groove 

Communicating Communicating Communicating Communicating 

No No No No 

O 

90 
40 

Terminating 

90 
40 

Terminating 

90 
40 

Terminating 

90 
40 

Terminating 

mm 10 10 10 10 
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TABLE 2-2 - continued 

Example 15 Example 16 Example 17 Example 18 
mm 22 22 22 22 

% 40 65 75 70 
groove 

% 70 70 75 85 

60 60 60 60 

Groove depth 
of second 
groove portion 
Groove depth 
of first 
portion 
Groove depth 
of 
circumferential 
narrow groove 
Tread rubber 
hardness 
Modulus of 
tread rubber 
Traction 
characteristics 
in snow 
Uneven wear 
resistance 
performance 
Off - road 
traction 
performance 

MPa 1.9 1.9 1.9 1.9 

118 117 119 118 Index 
value 

112 113 109 111 Index 
value 

114 117 114 116 Index 
value 

TABLE 2-3 

Example 19 Example 20 Example 21 

o o o 

FIG . 2 
40 
80 
90 

? a < ? b 

FIG . 2 
40 
80 
90 

Oa < Ob 

FIG . 2 
40 
80 
90 

Oa < Ob 

Yes Yes Yes 

Tread pattern 
Oa 
? b 
Oc 
Magnitude relationship 
between Oa and Ob 
Presence of shallow 
groove 
Groove depth of 
shallow groove 
Shape of center shallow 
groove 
Overlap of center 
shallow grooves 
01 
02 
Shape of shoulder 

mm 3 3 3 

Communicating Communicating Communicating 

No No No 

o 90 90 
40 

Terminating 

90 
40 

Terminating Terminating 
shallow groove 

mm 10 10 10 

mm 22 
70 

22 
70 

22 
70 % 

Separation distance 
between shoulder 
shallow groove 
Groove depth of second groove portion 
Groove depth of first 
groove portion 
Groove depth of circumferential narrow 
groove 
Tread rubber hardness 
Modulus of tread rubber 
Traction characteristics in snow 
Uneven wear resistance performance 
Off - road traction performance 

% 85 85 80 

61 
2 

120 
MPa 
Index value 
Index value 
Index value 

65 
2.8 

117 
109 
120 

63 
2.4 

119 
111 
118 

113 
117 

[ 0056 ] As can be seen from Tables 1 and 2 , all of 
Examples 1 to 21 improved traction characteristics and 
uneven wear resistance performance compared to those of 
Conventional Example 1 . 

a pair of sidewall portions disposed on both sides of the 
tread portion ; 

a pair of bead portions disposed inward of the sidewall 
portions in a tire radial direction ; 

lug grooves that extend inward in a tire width direction 
from a tread edge on one side of a tire equator and 
intersect with the tire equator and lug grooves that 
extend inward in the tire width direction from a tread 
edge on another side of the tire equator and intersect 

1. A pneumatic tire in which a rotation direction is 
designated , comprising : 

a tread portion that extends in a tire circumferential 
direction and forms an annular shape ; 
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with the tire equator being arranged in alternation in a 
tire circumferential direction on an outer surface of the 
tread portion ; 

the respective lug grooves that include first groove por 
tions and second groove portions , the first groove 
portion intersecting with the tire equator and extending 
along the tire width direction , the second groove por 
tion being inclined from one end of the first groove 
portion at an angle with respect to the tire circumfer 
ential direction smaller than an angle of the first groove 
portion with respect to the tire circumferential direction 
and extending to the tread edge , the first groove portion 
having another end communicating with the second 
groove portion of the lug groove adjacent in the tire 
circumferential direction , the first groove portion being 
located on a stepping side with respect to an end portion 
on the tread edge side of the lug groove ; 

when a distance from the tire equator to the tread edge is 
denoted as W , a region between a position separated by 
0.50 W in the tire width direction from the tire equator 
and the tire equator is referred to as an inner region , and 
a region between the position separated by 0.50 W in 
the tire width direction from the tire equator and the 
tread edge is referred to as an outer region , the second 
groove portions being curved or bent such that an 
average angle of the second groove portions with 
respect to the tire circumferential direction in the inner 
region becomes smaller than an average angle of the 
second groove portions with respect to the tire circum 
ferential direction in the outer region ; and 

circumferential narrow grooves that connect mutual sec 
ond groove portions adjacent in the tire circumferential 
direction on the one side or an other side of the tire 
equator being formed , a plurality of blocks being 
defined by the lug grooves and the circumferential 
narrow grooves , the blocks including center blocks and 
shoulder blocks , the center blocks being defined on the 
tire equator side with respect to the circumferential 
narrow grooves , the shoulder blocks being defined on 
the tread edge side with respect to the circumferential 
narrow grooves , a shallow groove having at least one 
bend point being formed on a road contact surface of 
each of the blocks ; wherein 

the shallow grooves formed in the center blocks have ends 
that communicate with the circumferential narrow 
grooves , 

the shallow grooves have other ends that communicate 
with the second groove portions , and 

projection components of the shallow grooves when the 
shallow grooves formed in the center blocks are pro 
jected to the tire equator mutually do not overlap . 

2. ( canceled ) 
3. The pneumatic tire according to claim 1 , wherein the 

shallow groove formed in the shoulder block has both ends 
that terminate in the block , and the shallow groove is 
disposed on the stepping side with respect to a position of an 
apex inward in the tire width direction of a road contact 
surface of the shoulder block . 

4. The pneumatic tire according to claim 1 , wherein the 
first groove portion has an angle of from 80 ° to 100 ° with 
respect to the tire circumferential direction , the shallow 
groove formed in the center block includes a part that 

intersects with the tire equator and linearly extends at an 
angle of from 80 ° to 90 ° with respect to the tire circumfer 
ential direction . 

5. The pneumatic tire according to claim 1 , wherein the 
average angle of the second groove portions with respect to 
the tire circumferential direction in the inner region is from 
35 ° to 45 ° , the shallow groove formed in the center block 
includes a linear part , and the linear part extends at an angle 
from 35 ° to 45 ° with respect to the tire circumferential 
direction and communicates with the circumferential narrow 
groove . 

6. The pneumatic tire according to claim 1 , wherein the 
shallow groove formed in the shoulder block extends along 
an outer edge on the stepping side of the shoulder block at 
a position separated by from 8 mm to 12 mm from the outer 
edge on the stepping side of the shoulder block . 

7. The pneumatic tire according to claim 1 , wherein the 
shallow groove has a groove depth from 1 mm to 3 mm . 

8. The pneumatic tire according to claim 1 , wherein a 
groove depth of the first groove portion of the lug groove is 
from 65 % to 75 % of a groove depth of the second groove 
portion . 

9. The pneumatic tire according to claim 1 , wherein a 
groove depth of the circumferential narrow groove is from 
75 % to 85 % of a groove depth of the second groove portion 
of the lug groove . 

10. The pneumatic tire according to claim 1 , wherein the 
second groove portion of the lug groove has a groove depth 
from 15 mm to 25 mm . 

11. The pneumatic tire according to claim 1 , wherein 
a tread rubber constituting the tread portion has JIS - A 

hardness from 61 to 70 and a modulus at 100 % elon 
gation from 2.0 MPa to 3.0 MPa . 

12. The pneumatic tire according to claim 3 , wherein the 
first groove portion has an angle of from 80 ° to 100 ° with 
respect to the tire circumferential direction , the shallow 
groove formed in the center block includes a part that 
intersects with the tire equator and linearly extends at an 
angle of from 80 to 90 ° with respect to the tire circumfer 
ential direction . 

13. The pneumatic tire according to claim 12 , wherein the 
average angle of the second groove portions with respect to 
the tire circumferential direction in the inner region is from 
35 ° to 45 ° , the shallow groove formed in the center block 
includes a linear part , and the linear part extends at an angle 
from 35 ° to 45 ° with respect to the tire circumferential 
direction and communicates with the circumferential narrow 
groove . 

14. The pneumatic tire according to claim 13 , wherein the 
shallow groove formed in the shoulder block extends along 
an outer edge on the stepping side of the shoulder block at 
a position separated by from 8 mm to 12 mm from the outer 
edge on the stepping side of the shoulder block . 

15. The pneumatic tire according to claim 14 , wherein the 
shallow groove has a groove depth from 1 mm to 3 mm . 

16. The pneumatic tire according to claim 15 , wherein a 
groove depth of the first groove portion of the lug groove is 
from 65 % to 75 % of a groove depth of the second groove 
portion . 

17. The pneumatic tire according to claim 16 , wherein a 
groove depth of the circumferential narrow groove is from 
75 % to 85 % of a groove depth of the second groove portion 
of the lug groove . 
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18. The pneumatic tire according to claim 17 , wherein the 
second groove portion of the lug groove has a groove depth 
from 15 mm to 25 mm . 

19. The pneumatic tire according to claim 18 , wherein 
a tread rubber constituting the tread portion has JIS - A 

hardness from 61 to 70 and a modulus at 100 % elon 
gation from 2.0 MPa to 3.0 MPa . 


